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Purpose: Most studies on adolescent smoking focus either on the probability of smoking onset or frequency of
smoking. We assume the existence of two different qualitatively distinct processes in smoking acquisition.
Therefore our objective was to test a two-part latent growth model, which assumes that psychosocial
variables associated with the probability of smoking onset are different from, or differently related to
variables associated with frequency of smoking given smoking onset.
Methods: The predictive associations of blocks of variables of (1) intrapersonal factors, (2) cognitions, (3) role
models, and (4) family variables, on both smoking onset, and frequency of smoking given smoking onset, were
tested in a nationwide sample of Dutch adolescents by using a two-part model.
Summary: Smoking onset was instigated by a variety of factors, while similar and other factors predicted
frequency of smoking given smoking onset itself. Self-esteem, attitudes, and proportion of friends smoking,
were identiﬁed as factors that affected both absolute smoking and frequency of smoking.
Overall conclusions: This study illustrates that it makes sense to differentiate between smoking onset and
frequency of smoking and that few factors are active in both processes.
© 2010 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
The preponderance of existing smoking prevention programs is
not effective or only marginal (Glantz & Mandel, 2005). One reason
may be that these programs partially ignore that the process towards
regular smoking is roughly comprised of two distinct processes. This is
in line with studies ﬁnding a semi continuous response on smoking: a
large number of adolescents who do not smoke at all and a variety of
smoking frequencies among those who do report smoking. In the
present study we will distinguish smoking onset from smoking
frequency by using a two-part model (Olsen & Schafer, 2001). A two-
part model decomposes the original distribution of tobacco use into
one a part that describes the probability of onset and a second part
that analyses the frequency of use given onset. Decomposing the
distribution of tobacco use and integrating both parts in one model
may help to better understand the process of adolescent smoking
acquisition. We will systematically assess the predictive associations
of the comprehensive overview of theoretical domains suggested in
the review by Petraitis, Flay, andMiller (1995)while this review offers
a comprehensive overview of factors from different theories.+31 24 361 2776.
lsevier OA license.2. Methodology
2.1. Participants and procedure
Data were from three waves (one-year intervals) of a longitudinal
study on adolescent smoking (Otten, Engels, & Van den Eijnden,
2005). Students of ﬁrst and second year classes of 33 secondary
schools participated. Participants needed to have data on each
predictor variable to be included in the analyses, leading to 2565
participants (73%). At T1, mean age was 13.14 (SD=0.70), 54% of the
students were female.2.2. Measures
2.2.1. Adolescent smoking
Respondents indicated their smokingbehaviour on a7-point scale (0
cigarettes per day, b1 cigarette per day, 1–5 cigarettes per day, 6–10
cigarettes per day, 11–20 cigarettes per day, 21–30 cigarettes per day, and
≥31 cigarettes per day). The probability of smoking onset was separated
from the rest of the distribution by creating binary indicator variables
distinguishing cases that reported having used tobacco (coded 1), from
youths who reported non-use (coded 0). Respondents with scores
above 0 ended up in the second part of the model assessing smoking
frequency.
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2.2.2.1. Intrapersonal characteristics. We measured the personality
dimensions extraversion and emotional instability (Quick Big Five;
Vermulst, 2005), depressive feelings (Depressive Mood List; Kandel &
Davies, 1986), self-esteem (Rosenberg's Self-Esteem scale, 1965) and
loneliness (LLCA; Marcoen, Goossens, & Caes, 1987).
2.2.2.2. Substance-speciﬁc cognitions. We measured attitudes toward
daily smoking (Dijkstra, De Vries, & Bakker, 1996) and self-efﬁcacy to
refrain from smoking in tempting situations (Engels, Knibbe, De Vries,
& Drop, 1998).
2.2.2.3. Substance-using role models. We assessed parental smoking by
combining smoking status of both parents (1=both parents are non-
smokers (60.7%), 2=one parent is a smoker (24.6%), 3=both parents
are smokers (14.7%)) (Farkas, Distefan, Choi, Gilpin, & Pierce, 1999),
best friends' smoking by asking respondents to write down whether
his/her best friend was a smoker (92.3%) or a non-smoker (7.7%)
(Engels, Knibbe, De Vries, Drop, & Van Breukelen, 1999), and the
proportion of smoking friends (1=no smoking friends (67.4%), 2=less
than 50% of my friends smoke (26.1%), and 3=50% or more of my
friends smoke (6.4%)).
2.2.2.4. Family factors. Parental highest educationwas assessed by asking
respondents to report the highest level of education completed by both
parents (lower (29.5%), intermediate (general) (43.4%) and high
education level (senior secondary and pre-university education)
(27.1%)). Regarding neglectful parenting, we assessed parenting dimen-
sions of involvement and strictness (Steinberg, Fletcher, & Darling,
1994). Neglectful parents were those parents who scored in the lower
parts of both dimensions (N=789). Finally, we assessed family
constellations (families with both parents (90.8%) and single-parent
families).1
2.3. Statistical approach
We used a two-part latent growth model (Olsen & Schafer, 2001),
which is a longitudinal adaptation of a two-equation model or zero-
inﬂated model (Atkins & Gallop, 2007), used to model data with a
preponderance of zero observations on the outcome variable. A two-
part model assumes that variables associated with the probability of
engaging in a type of behaviour differ from variables associated with
the frequency of that behaviour, given that some engagement is
present. (For the stochastic speciﬁcation, Brown, Catalano, Fleming,
Haggerty, & Abbott, 2005.)
The two-part model decomposes the original distribution of tobacco
use outcome into two parts, each modeled by separate, but correlated
growth functions (see Fig. 1). In part 1, the probability of smoking onset
was separated from the rest of the distribution by creating binary
indicator variables distinguishing cases that reported having used
tobacco (scores of 1 or higher; coded 1), fromyouthswho reportednon-
use (coded 0). The resulting annually assessed smoking onset indicators
were modeled through a random effects logistic regression model in
which the log odds of use were regressed on growth parameters. Thus,
in this part, the probability of smoking onset with age was captured by
latent growth parameters, where the intercept refers to initial level
differences (i.e., probability of use at age 13), and the linear slope to
change in probability of use over time (i.e., increase or decrease in
probability of use with age). In part 2 of the model, the continuous
indicators of the resulting frequency of tobacco use were used, given
onset. So, in part 2 of the model only the youths who reported having
used tobacco were included. We then included the predictor variables.1 All measures have been used frequently and have good psychometric qualities.Because we estimated the growth parameters in the two-part model
simultaneously, it enabled us to control for the conditionality of the
frequency-of-use outcome on the initial decision to engage in smoking
when estimating the relationships between growth factors and
covariates.
3. Results
We ﬁrst determined the number of growth parameters for parts 1
and 2 of themodel separately. In both parts, modelswith intercepts and
slopeswere superior to intercept-onlymodels. Themodel for part 1 had
signiﬁcant variances on both the intercept (variance=5.30, SE=1.23,
pb .01) and the slope parameters (variance=3.08, SE=0.82, pb .01).
For part 2, no signiﬁcant covariance between the level (intercept) and
slope parameter was found (B=−.001, SE=0.02, pN .05) and was
therefore held equal to zero for the remainder of the analyses. Both
parameters had a signiﬁcant variance: intercept, variance=0.11,
SE=0.02, pb .01; slope, variance=0.06, SE=0.01, pb .01). Part 2 of
the model had a good ﬁt to the data: CFI=.98, TLI=.98, RMSEA=.05.
We then speciﬁed the two-part model, correlating growth parameters
of both parts.2
In Table 1a, results for part 1 of the model are expressed as odds
ratios. Only associations with the levels of the probability of use
(intercept) were found. Children with a positive attitude toward
smoking, and with friends or a best friend who smoked were more
likely to also smoke. Higher levels of self-esteem and self-efﬁcacy
protected children from smoking onset.
The associations of the covariates with level and growth in
frequency, given onset are in Table 1b. Associations with both the
level of use (intercept) and growth in use (slope) were found. Boys
showed stronger increases in smoking frequency than girls. Older
respondents were more likely to have higher initial levels of smoking
frequency. Younger respondents on the other hand, were more likely
to show stronger increases in smoking frequency than older
respondents. Regarding intrapersonal factors, the only signiﬁcant
effect was found for self-esteem: respondents with higher levels of
self-esteem showed lower initial levels of smoking frequency.
Regarding cognitive factors, youths who had a more positive attitude
toward smoking showed a stronger increase in levels of smoking
frequency. Youths whose parents smoked or who had many friends
who smoked also had higher smoking frequencies at age 13. Finally,
respondents who experienced a neglectful parenting style were likely
to engage in more frequent smoking with age. Self-esteem and having
friends who smoke had effects on both smoking onset and frequency.
We did not ﬁnd support for any moderation.
4. Discussion
Our objective was to account for the robust distinction between
two processes by exploring whether different predictors discriminate
between smoking onset and frequency, by using a two-part model.
Smoking onset was determined by a variety of factors. Smoking
frequency, given smoking onset, was related with gender, age, self-
esteem, attitudes, exposure to smoking parents and friends, and
neglectful parenting. Proportion of smoking friends and self-esteem
had an effect on both onset and frequency.
Regarding intrapersonal factors, self-esteem appeared to be
important. It has been suggested that the relationship between self-
esteem and smoking differs in groups that vary in terms of peer-
orientation. Glendinning and Inglis (1999) found that the group in
which the focus was on spending time with friends and holding
largely negative attitudes toward authority and control, reported low
levels of self-esteem and high smoking rates. Other intrapersonal2 Descriptives and results of the different analytic steps can be provided upon
request by the ﬁrst author.
Fig. 1. Two-part model predicting smoking onset vs. non-use (Part 1) and frequency of use, given smoking onset (Part 2) by intrapersonal factors, cognitions, role models, and family
risk factors.
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model, which may be explained by the idea that some factors become
more important later in life.
A pro-smoking attitude was associated with the probability of
smoking onset and frequency. While attitudes may predict smoking
onset, this might be harder to conclude from increasing frequency
since a pro-smoking attitude might be a by-product of increasing
frequency of smoking itself. Self-efﬁcacy was only signiﬁcant in the
model's ﬁrst part, supporting our initial idea that self-efﬁcacy is
particularly important in onset.Table 1a
Part 1 of the Two-part model: factors discriminating use vs. non-use (smoking onset).
Part 1: Smoking onset
Intercept Slope
OR 95% CI OR 95% CI
Sex 0.97 0.62–1.52 0.86 0.67–1.10
Age 0.97 0.81–1.16 0.87 0.72–1.06
Intrapersonal
Extraversion 1.28 0.95–1.72 1.22 0.97–1.53
Emotional Instability 0.90 0.67–1.21 0.94 0.80–1.12
Depression 1.15 0.52–2.55 1.14 0.76–1.69
Loneliness 1.22 0.91–1.65 0.85 0.60–1.19
Self-esteem 0.49 0.37–0.65** 0.98 0.63–1.55
Cognitive
Attitude 2.11 1.64–2.73** 1.49 0.81–2.74
Self-efﬁcacy 0.52 0.33–0.82** 0.94 0.67–1.32
Role models
Parents smoking 1.28 0.74–2.21 1.19 0.89–1.58
Prop. friends smoking 2.95 1.84–4.73** 1.03 0.57–1.86
Best friend smokes 4.08 1.34–12.46* 0.61 0.19–2.01
Family
Household SES 1.06 0.78–1.44 0.87 0.71–1.06
Neglectful parenting 1.09 0.47–2.51 1.25 0.83–1.88
Note. **pb .01, *pb .05.In both smoking onset and smoking frequency the proportion of
smoking peers was a precursor. In smoking onset the proportion of
friends smoking can be expected to mainly exert its inﬂuence through
mechanisms of social learning (Bandura, 1977). In smoking frequency
however, other processes may be active that may have caused a
signiﬁcant effect. Best friends smoking was only related to smoking
onset, suggesting that it is the mere presence of people who smoke,
rather than relationship quality.
Parental smoking (as well as neglectful parenting) was only
signiﬁcant for smoking frequency. The effects of parental smoking inTable 1b
Part 2 of the two-part model: factors associated with frequency of smoking.
Part 2: Smoking frequency
Intercept Slope
B SE β r B SE β r
Sex 0.01 0.04 0.01 .10 −0.10 0.03 −0.17** .41
Age 0.11 0.03 0.22** .47 −0.09 0.02 −0.22** .47
Intrapersonal
Extraversion 0.01 0.03 0.02 .14 0.01 0.02 0.05 .22
Emotional Instability 0.01 0.03 0.01 .01 −0.02 0.02 −0.09 .30
Depression −0.07 0.04 −0.13 .36 0.04 0.03 0.08 .28
Loneliness 0.03 0.05 0.05 .22 −0.04 0.04 −0.08 .28
Self-esteem −0.14 0.07 −0.22* .47 0.05 0.04 0.10 .32
Cognitive
Attitude 0.02 0.04 0.05 .22 0.06 0.03 0.19* .44
Self-efﬁcacy −0.07 0.05 −0.13 .36 −0.01 0.03 −0.02 .14
Role models
Parents smoking 0.10 0.03 0.20** .45 0.01 0.02 0.02 .14
Prop. friends smoking 0.12 0.04 0.24** .49 0.01 0.03 0.02 .14
Best friend smokes 0.08 0.09 0.06 .24 −0.00 0.04 −0.00 .00
Family
Household SES −0.04 0.02 −0.17 .41 −0.00 0.01 −0.02 .14
Neglectful parenting 0.04 0.06 0.05 .22 0.06 0.02 0.09** .30
Note. **pb .01, *pb .05, r's represent multiple correlation coefﬁcients indicating effect
size.
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exerting its inﬂuence through attitudes (Otten, Harakeh, Vermulst,
Van den Eijnden, & Engels, 2007). The direct effects of parental
smoking on frequency of smoking may be due to increased parental
tolerance, and the availability of cigarettes (e.g., Jackson & Henriksen,
1997). Neglectful parenting was associated with increases in smoking
frequency but not with onset. Increasing smoking frequency may be
indicative for development of a smoking addiction, for which
inadequate parenting has been considered a childhood factor (Mofﬁtt
& Caspi, 2001).
Finally, all participants were about the same age; however older
adolescents were likely to smoke more than younger adolescents,
whereas younger adolescents were more likely to increase in smoking
frequency. The latter may indicate that younger adolescents are likely
to model their older peers who already have increased the level of
smoking. Although there were no differences in levels of smoking
frequency, boys were more likely to increase in frequency than girls,
which is surprising while girls have been found to develop a nicotine
addiction faster than boys (Warren, Jones, Eriksen, & Asma, 2006).
However, it might be that some boys are more extreme in their
behaviour once they started while girls are generally more likely to
develop a nicotine addiction without progressing to extreme levels of
use.
5. Conclusions
Our results showed that common and process-speciﬁc predictors
are associated with smoking onset and frequency. Not distinguishing
between the different processes at work could preclude our
understanding of youths' smoking behaviours. Moreover, not distin-
guishing between these processes in the early stages of adolescent
smoking acquisition could easily lead to inaccurate expectations from
prevention campaigns and interventions aimed at preventing adoles-
cent smoking or reducing young adolescent smoking rates.
Role of Funding Sources
Funding for this study was provided by the Dutch Asthma Foundation. This
Foundation had no role in the study design, collection, analysis or interpretation of the
data, writing the manuscript, or the decision to submit the paper for publication.
Contributors
Rutger Engels and Roy Otten designed the study. Roy Otten wrote the manuscript
and Pol van Lier conducted the analyses. All authors contributed to and have approved
the ﬁnal manuscript.
Conﬂict of Interest
None.References
Atkins, D. C., & Gallop, R. J. (2007). Rethinking how family researchers model infrequent
outcomes: a tutorial on count regression and zero-inﬂatedmodels. Journal of Family
Psychology, 21(4), 726−735.
Bandura, A. (1977). Social Learning Theory. Englewood Cliffs, NJ: Prentice Hall.
Brown, E. C., Catalano, R. F., Fleming, C. B., Haggerty, K. P., & Abbott, R. D. (2005).
Adolescent substance use outcomes in the Raising Healthy Children project: a two-
part latent growth curve analysis. Journal of Consulting and Clinical Psychology, 73
(4), 699−710.
Dijkstra, A., De Vries, H., & Bakker, M. (1996). Pros and cons of quitting, self-efﬁcacy,
and the stages of change in smoking cessation. Journal of Consulting Clinical
Psychology, 64(4), 758−763.
Engels, R. C., Knibbe, R. A., De Vries, H., & Drop, M. J. (1998). Antecedents of smoking
cessation among adolescents: who is motivated to change? Preventive Medicine, 27
(3), 348−357.
Engels, R. C. M. E., Knibbe, R. A., de Vries, H., Drop, M. J., & van Breukelen, G. J. P. (1999).
Inﬂuences of parental and best friends' smoking and drinking on adolescent use: a
longitudinal study. Journal of Applied Social Psychology, 29(2), 337−361.
Farkas, A. J., Distefan, J. M., Choi, W. S., Gilpin, E. A., & Pierce, J. P. (1999). Does parental
smoking cessation discourage adolescent smoking? Preventive Medicine, 28(3),
213−218.
Glantz, S. A., &Mandel, L. L. (2005). Since school-based tobacco prevention programs do
not work, what should we do? Journal of Adolescent Health, 36(3), 157−159.
Glendinning, A., & Inglis, D. (1999). Smoking behaviour in youth: the problem of low
self esteem? Journal of Adolescence, 22(5), 673−682.
Jackson, C., & Henriksen, L. (1997). Do as I say: parent smoking, anti-smoking
socialization, and smoking onset among children. Addictive behaviors, 22(1),
107−114.
Kandel, D. B., & Davies, M. (1986). Adult sequelae of adolescent depressive symptoms.
Archives of General Psychiatry, 43(3), 255−262.
Marcoen, A., Goossens, L., & Caes, P. (1987). Loneliness in pre- through late-
adolescence: Exploring the contributions of a multidimensional approach. Journal
of Youth and Adolescence, 16(6), 561−576.
Mofﬁtt, T. E., & Caspi, A. (2001). Childhood predictors differentiate life-course
persistent and adolescence-limited antisocial pathways among males and females.
Developmental Psychopathology, 13(2), 355−375.
Olsen, M. K., & Schafer, J. L. (2001). A two-part random effects model for
semicontinuous longitudinal data. Journal of the American Statistical Association,
96, 730−745.
Otten, R., Engels, R. C. M. E., & Van den Eijnden, R. J. J. M. (2005). Parental smoking and
smoking behavior in asthmatic and nonasthmatic adolescents. Journal of Asthma,
42, 349−355.
Otten, R., Harakeh, Z., Vermulst, A. A., Van den Eijnden, R. J. J. M., & Engels, R. C. M. E.
(2007). Frequency and quality of parental communication as antecedents of
adolescent smoking cognitions and smoking onset. Psychology of Addictive
Behaviors, 21, 1−12.
Petraitis, J., Flay, B. R., & Miller, T. Q. (1995). Reviewing theories of adolescent substance
use: organizing pieces in the puzzle. Psychological Bulletin, 117(1), 67−86.
Rosenberg, M. (1965). Society and Self-image. Princeton, NJ: Princeton University Press.
Steinberg, L., Fletcher, A., & Darling, N. (1994). Parental monitoring and peer inﬂuences
on adolescent substance use. Pediatrics, 93(6 Pt 2), 1060−1064.
Vermulst, A. A. (2005). Quick Big Five Persoonlijkheidstest Handleiding [Quick Big Five
Personality Test Manual]. Leeuwarden, the Netherlands: LDC Publications.
Warren, C. W., Jones, N. R., Eriksen, M. P., & Asma, S. (2006). Patterns of global tobacco
use in young people and implications for future chronic disease burden in adults.
Lancet, 367, 749−753.
